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The various conformations of furanose rings in nucleosides and nucleotides derived from crystal structures are
described and parametized. The effect of substituents in determining the conformation has been elucidated. There is a
preponderance of intermediate forms in the C, (envelope) ~ C2 (half chair) pseudorotational pathway. with any of the
ring atoms capable of being the out of plane atom.
The furanose ring form part of the sugar phosphate
chains of nucleic acids (Figure 1a). Least-squares
planes calculations based on x-ray analysis of nucleo-
sides and nucleotides suggested that the five-mem-
bered furanose ring in the solid state is not planar but
puckered at either the C(2') or C(3') atom I (Figure
I). Usually, in nucleosides and nucleotides only one
puckered state of the five-membered ring is ob-
served/: In dinucleotides, the conformations of the
two sugars are sometimes different but each nucleo-
tide fragment has a precise conformation. The ob-
served differences in conformation of furanose rings
in these compounds are probably due to the different
hydrogen bonding schemes adopted by the fura-
noside moieties in the crystal lattice, and some of the
differences may be ascribed to the type of substi-
tuents in the furanose ring '.
The furanose ring like cyclopentane is a puckered
flexible ring characterised by pseudorotation. In cy-
clopentane the angle of maximum puckering rotates
without substantial change in potential energy. How-
ever, the presence of one or more substituents. endo-
cyclic or exocyclic will give rise to an induced
potential energy barrier opposing free pseudorotat-
tion". The consequences of limited pseudorotation
were studied by Altona and co-workers5 and more
recently by Thomas", on the conformation of the
five-membered O-ring in steroids. The puckering in
the furanose ring is thought to be mainly due to
non bonded interactions of the substituent atoms
which are in opposition to the forces striving to retain











Figure I - Diagrarnatic projections (lfthe.furanose ring show-
ing (a) the C(2 ) and (b) the C(3 ) puckering.
In the crystal structures of the nucleosides and
nucleotides, strain in the five-membered ring of the
sugar resulting from intermolecular contact with exo-
cyclic substituents and special packing considera-
tions (such as intermolecular H-bonding) cause
puckering of the ring, such that in many cases C(2'
or C(3') atom (Figure I). is displaced from the plane
of the other four atoms". However. no attempt has
been made to decipher factors which favour any of
the various conformations of this ring system. In this
paper, the puckering and conformations of the fura-
nose ring in a variety of nucleosides and nucleotides
have been examined in terms of the sum of the
absolute values of the torsion angles (L /<p I). and
asymmetric parameters (t1C8s and t1C2). and some
relationships among various parameters derived
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Experimental Section
Structural data. Primary structural data for various
compounds of nucleosides and nucleotides were ob-
tained from X-ray analyses with Rr values generally
less than 15%.
Asymmetry and geometric parameters. Asymme-
try parameters (~Cs and ilC2) were calculated as in
previous papers6,8-9 using expressions proposed by
Duax et allO. The parameter ~<\>/,the sum of the
moduli of the endocyclic torsion angles were worked
out in each case. The furanose ring is regarded as
essentially planar if~/<\>/ is less than 42, the expected
value for the maximum attainable torsion angle in the
ideal cyclopentane half-chair form II.
Atomic numbering scheme and nomenclature for
conformations The atomic numbering schemes for
the [3-purines and [3-pyrimidines are shown in Figures
2a and 2b respectively. The conformations are de-
scribed in this work as envelope (Ce) and half-chair
(C2) forms. The half-chair conformation is essen-
tially a 1,2-diplanar form instead of a monoplanar
form of the cyclohexane derivative according to the
nomenclature proposed by Bucourtll. The envelope
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Figure 2 - Atomic numbering scheme and designation of
torsion angles for purines and pyrimidines; nomen-
clature for some symmetric conformations of some
furanose rings.
form on the other hand, is a monoplanar form as .
indicated in Figures 2c and 2d.
Results and Discussion
The geometric (~/<\>/and conformational parame-
ters (~C5 and ~C2) for the envelope (ep and half-
chair (C2) forms of the furanose rings are shown in
Tables Ia and Ib, while the corresponding endocyclic
torsion angles are presented in Table II. The relative
conformations are displayed in the plots of mirror
asymmetry parameter, ~Cs(3y) versus the rotational
asymmetry parameter ~C2(2'-3') in figure 3a and
~C2(3' -4') in figure 3b. Similarly, those for the asym-
metry parameter ~Cs(2') versus the rotational asym-
metry ~C2(l'- i) and ~C2(2'-3') are displayed in
figures 4a and 4b respectively. In each case the atoms
C(3) or C(2) are the out-of-plane atoms in the enve-
lope forms of these classes of furanose derivatives. It
is not easy to decipher any distinctive structural fac-
tor that favours either the C(i) or C(3) envelope,
even though Munns and Tollin7 have attributed it to
intermolecular contact of exocyclic substituents and
special packing considerations such as intermolecu-
lar hydrogen bonding. In this study also, it appears
that in most cases if the torsion angle a (F igure 2) is
less than e, the ring adopts a Cs(3) envelope confor-
mation and if the torsion angle a is greater than e, the
ring adopts Cs(2) envelope conformation. From Ta-
ble I and Chart 1, it is clear that the conformation of
the furanose ring is independent of whether the base
is a pyrimidine or a purine system in nucleosides and
nucleotides. The values of the sum of the torsion
angles, ~/<\>/,also indicate that puckering ofthe fura-
nosering is independent of the base system in nucleo-
sides and nucleotides. There is also no exact
correspondence between the extent of puckering of
the furanose ring and the size of the substituents on
the ring.
Figures 3a and 3b show the possibility of intercon-
versions between C(3) envelope and either the C(2'),
C(3) half chair or C(3'), C(4) half chair conforma-
tion. These interconversions between the C, envelope
and C2 half chair forms are similar to those observed
in some 2,4-bridged saturated y-Iactone rings", How-
ever, in the furanose rings there appears to be clus-
tering of the conformational forms at intermediate
points in the pseudorotation pathway between the
C(3) envelope and C(2'), C(3) half chair (figure
3a). The structures of the furanose rings in
Chart 1, show that the ring adopts a Cs(3) or Cs(i)
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Table Ib-Geometric and conformational parameters for some furanose rings































envelope conformation when the hydroxy groups on
C(i) and C(3') atoms either both 97- or both 98-
oriented as in F7-FI 2. However, ifoneofthe hydroxy
groups is 97-oriented and the other 98~oriented, the
furanose ring adopts a conformation intermediate
between Cs8(3') envelope and C2(i-3') half chair
forms (F I, F2, FS, F6 and F IS). Intermediate confor-
mations are also adopted when bulky substituents
such as phosphate or keto group replace the hydroxy
group either at the C(i) or C(3') or C(S') atom as is
the case in F2, F4, FII and F13. Figure 3b shows
possibility of interconversion between the C(3') en-
velope and the C(3') , C(4') half chair. F21, F22 and
F24 show significant deviations from the apparent
interconversion line, probably as a result of crystal
packing forces or different hydrogen bonding
schemes adopted by each molecule, F16 and F25 are
two molecules in the same asymmetric unit, but have
C(2'), C(3') and.C(3 '), C(4') half chair conformations
respectively. This suggests that crystal packing pat-
terns can modify the conformation of furanose rings
in the solid state.
The correlated variation in the principal asymme-
try parameters in figures 4a and 4b, show the possi-
bility of interconversion between the C(2'), C(3') half
chair conformations respectively. In figure 4a, the
conformations are clustered midway between the
C(2,) envelope forms and the C( I '), C(2,) half chair
forms, while in figure 4b, the clustering is largely at
the C(i) envelope fonn and midway in the Cs(2)
envelope and C(i), C(3') half chair pseudorotation
pathway. Only few rings adopt either the C2(l'-i)
form (F41, F44, F47) or C2(C'-3') form (FSS). Fura-
nose rings tend to move closer to the C2 half chair
form when bulky substituents replace hydroxy
groups either at C(2'), C(3') or C(S') atom (F28, F40),
or when one of the hydroxy groups on C(i) and C(3')
atom is o-oriented (F27, F33, F38, F42) or when the
ring is a deoxyfuranose ring F32, F38, F42. Com-
parism ofF27 with F31 suggests that halogen substi-
tuents may modify solid state base packing
patterns 12,which in turn modify the conformation of
the furanose ring. Similarly substitution of halogens
at the C-5 positions ofF32, F3 7, F38 and F42 coupled
with the presence of deoxyfuranose rings (F32, F38,
F42), tend to force the rings to adopt intermediate
forms, even though the halogens did not show a clear
trend. This observation suggests that, there exist 1,S-
nonbonded interactions between the halogens at C-S
and O( 1') in agreement with the suggestion of Cam-
merman and co-worker 13,
FS and F4S (Chart I) which are two molecules in
the same asymmetric unit adopts the C, envelope,
while F45 adopts C2(l ': i) half chair conformation.
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Table II-Endocyclic torsion angles of some furanose rings
Torsion Angle " Torsion Angle" (deg)(deg)
Compo a b c d e Compo a b c d e
Code Code
FI 7.8 -30.6 40.6 -37.1 18.6 F42 -28.1 36.7 -32.0 15.8 6.9
F2 6.5 -25.0 33.0 -31.4 15.3 F43 -24.7 32.8 -28.3 14.9 6.0
F3 5.0 -28.7 38.5 -36.9 20.7 F44
-14.5 -14.0 37.5 -46.2 37.5
F4 6.9 -28.5 38.1 -35.5 18.2 F45 -16.9 36.5
-41.2 32.1 -9.6
F5 6.3 -25.5 35.2 -32.3 18.7 F46
-31.2 41.2 -34.8 17.9 8.0
F6 6.2 -28.0 37.4 -34.7 18.0 F47
31.7 -39.1 31.6 -13.8 -11.0
F7 4.9 -26.8 37.1 035.3 19.3 F48
-38.5 44.2 -32.4 11.1 17.0
F8 4.1 -25.9 37.2 -35.9 29.9 F49
-22.6 37.0 -36.7 24.4 -1.3
F9 2.3 -25.7 38.5 -38·2 22.5 F50
-22.6 36.0 -34.4 24.0 -2.2
FIO -2.4 23.9 -34.4 33.7 -19.9 F51
-23.4 37.7 -37.3 25.3 -1.8
FII -19.5 35.7 -37.9 27.7 -5.5 F52 -17.6 30.6
-31.0 20.2 -2.1
FI2 18.8 -36.0 39.1 -28.7 6.4 F53
\.I -22.9 34.7 -35.6 -22.3
FI3 9.0 -29.5 37.1 -32.9 15.2 F54 -15.6 32.5
35.9 27.2 -7.9
FI4 9.8 -29.5 36.9 -31.9 14.2 F55 -11.5 30.9
-36.9 31.4 -12.6
FI5 7.5 -26.6 34.3 -31.0 15.3 F56 -7.0
27.8 -369 33.2 -16.7
FI6 -14.7 33.2 -37.7 31.3 -7.2 F57 -4.6 32.8
-34.3 25.2 -17.9
FI7 -3.8 21.3 38.2 -41.1 26.2 F58 36.0
-24.4 5S 16.1 -33.2
FI8 -3.9 17.6 31.2 -34.9 25.0 F59 -22.6
1.8 17.2 -31.2 34.2
FI9 -3.4 -20.1 34.6 37.6 25.6 F60 38.7 -44.3
31.7 -9.3 -18.4
F20 -27.3 36.9 -31.9 17.0 6.1 F61
41.5 -48.1 34.6 -10.4 -19.3
F21 26.2 -36.9 35.5 -19.0 -4.4 F62 34.6
-13.4 -10.5 32.0 -42.1
"The various torsion angles are coded a,b.c.d and e as shownF22 31.0 -31.9 21.2 -3.6 -12.0
F23 -11.3 -14.3 33.1 -40.6 33.3
in figure 2.
F24 8.8 12.0 -26.9 32.0 -26.3
F25 -25.9 38.6 -26.9 13.9 2.3
F26 -30.5 43.5 -37.8 20.2 6.1
160 6(S' 1419- 07) 6(2
F27 -26.7 36.9 -32.6 18.0 5.0
,2 . 0.88
140 y~n •
F28 -26.5 37.1 -32.2
2.25
18.8 4.8 .~n • 3.61
'"
F29 -25.8 39.3 -36.8 23.2 1.3 "' ~1) .F ,~ n • '4·
F30 -24.4 42.0 -41.4 27.7 -2.1 100





F32 -27.9 38.1 -33.1 18.7 5.5 e '.' " "





35.0 -34.0 22.0 0.0 "
21.9 "
~11
"F35 35.7 -35.5 23.8 -1.5 "
F36 -18.0 32.2
.
-33.2 23.7 -3.6 20 "
F37 -17.8 32.3 -33.8 24.6 -4.5
00
F38 -19.4 37.1 -40.3 30.1 -6.8 co 20 " " " 100 110 140 1" 110 '00
F39 5.0 19.4 -34.0 38.1 -27.5
6(212-] I
F40 -15.8 31.4 -33.0 23.8 -5.2 Figure 3 •• Correlated variation in principal asymmetry pa-
F41 -33.4 41.0 33.1 14.6 11.6
rameters of some nonplanar C2(2-3) versus Cs(3)
furanose rings. Points indicated by 0 were not
included in calculation of the least square line.
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Figure 3b - Correlated variation in principal asymmetry pa-
rameters of some nonplanar C2(3-4) versus Cs(3)
furanose rings. Points indicated by ~ were not
included in calculation of the least square line.
This would indicate that packing forces in the crystal
and hence the environment of the molecule may play
a major role in detemiining the conformation afura-
nose ring adopts. Other derivatives with two mole-
cules in the same asymmetric units, F31 and F48
(guanosine) and F49 and F46 (insoine), also adopts
different conformations for each asymmetric unit
pair. F31 is Cs(2') envelope, F48 is C2(1'-i) half
chair, while F49 is Cs(i) envelope and F46 is C2(1':
i) half chair forms. These conformations are formed
inspite of the fact that inosine (F31 and F48) lacks
the amino group at C-4 which is an integral part of
the hydrogen bonding scheme 7. It has been suggested
that the parallel stacking of the purines are of prep on-
derant importance in .determining the conformation
of furanose rings.
Special constraints may force atoms other than
C(i) or C(3') out of the plane of the other ring atoms.
The small value of the torsion angle about the bond
C(1')-C(2') in FS9 shows that the ring atoms C(3'),
C(4') and 0(1') are close to planarity and C(I') is
displaced from the plane (Table III). This ring is
shown to be distorted slightly from an envelope con-
formation (Table II). This contrasts with earlier con-
clusion that puckering of the furanose ring occurs at
6(S. 16.06- 0.896 (2



















Figure 4a - Corrected variation in principal asymmetry
parameters of some nonplanar C2 (1-2)
versus C8(2) furanose rings. Points
indicated by 0 were not included m
calculation of the least squares line
16.1 6(S= 14.66-0756(2
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Figure 4b - Correlated variation in principal asymmetry pa-
rameters of some nonplanar C2(2-3) versus Cs(2)
furanose rings. Points indicated by 0were not in-
cluded in calculation of the least square line.
either C(2,) or C(3') or at both atoms in the half chair
forms'. The observed conformation agrees well with
that suggested earlier!". Similarly, the small value of
torsion angle about the bond C(i)-C(3,) in FS8, as a
result of the cyclic phosphate attached to the C(2,)
and C(3') ring atoms. This causes the furanose ring
to flatten and making the bonds C( I ')- C(i) and
C(3')-C( 4') some what coplanar, resulting in the dis-
placement of O( 1') from the plane of the other four
atoms and giving an 0(1') envelope conformation.
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F60 and F61 also contain cyclic phosphate groups at 5
position C(3')-C(4') of the furanose ring. The fusion
of the cyclic phosphate group is cis, thus causing the 6
ring to adopt a C2(3'-4') half chair conformation, 7
while in F44 the cyclic phosphate at position C(3')-
C(4') is trans and the ring adopts a C2(1'-i) half chair
form. From the results obtained for F44, F57, F59 and
F60, it can be seen that the position and stereochem-
istry of the cyclic phosphates attached to the furanose
ring may impose conformational forms thai. do not
necessarily involve puckering at either the C(2,) or
C(3') atom.
Conclusion
It is apparent that the five-membered furanose
rings in nucleosides and nucleotides may adopt other
conformations where the out-of- plane atom is not
C(i) or CO'). The type, size and stereochemistry of
fusion of the substituents may determine the type of
conformation (i.e. either Cs5 envelope or C2 half
chair) or in some cases determine the out-of-plane
atom. Like some other five-membered rings (such as
2,4-bridged y-lactone'' and D-rings in steroids") fura-
nose rings adopt mainly, forms which are intermedi-
ate between the C5 envelope and C2 half chair
conformations.
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